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About this report 

This report was prepared for the California Department of Fish and Wildlife (CDFW) to inform the 
Marine Protected Area (MPA) Decadal Management Review (DMR). It is one of two projects at  
the Center for Community and Citizen Science aimed at supporting this important milestone for the 
MPA Network in California: 

¶ Examining the Role of Community and Citizen Science in Marine Protected Area 
Implementation; and 

¶ Using MPA Watch Data to Analyze Human Activities Along the California Coast (this report). 

Each of these projects directly addresses goals of the Marine Life Protection Act and the four pillars 
of MPA Management: Research and Monitoring; Outreach and Education; Enforcement and 
Compliance; and Policy and Permitting. They also help to develop and expand a human dimensions 
research agenda for MPAs in California and beyond.  
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Highlights 

Information about human activities along the coast can help us understand human impacts on natural resources 

and the benefits people derive from marine protected areas (MPAs). In this project we examined human activities 

along the California coast from 2012 to 2020 using data from the MPA Watch community science network, 

gathered by more than 1,900 volunteer participants, and a handful of program staff.  

Key messages and findings 

MPA Watch is gathering useful data at a statewide scale, and has successfully grown its network of volunteer 

monitoring programs over the last decade to include 12 local programs, 104 monitoring sites, and hundreds of 

volunteer surveyors each year (page 3). 

Among the observations recorded by MPA Watch surveyors, non-consumptive activities vastly outnumber 

consumptive activities, both inside and outside of MPAs (Figure 4, page 5). This highlights the value of MPA 

Watch data for understanding human coastal use, underscores the importance of recreational activities in 

Californiaôs coastal economy, and reinforces the need to monitor and understand non-consumptive uses in and 

around MPAs. 

Our analysis confirms that MPA Watch data can detect broad, statistically robust patterns in human activities 

along the coast (page 6), including among recreational activities that relate to Goal 3 of the Marine Life Protection 

Act, but have not been the focus of other socioeconomic monitoring projects. 

MPA Watch data can be used to detect statistically significant differences between activities inside and 

outside of MPAs (Table 1, page 6). Our analysis used occupancy modeling to investigate occurrence 

probabilities for seven categories of human activity. Our statistical results focus on an activityôs likelihood of 

occurrence, rather than the total number of occurrences. From 2012 to 2020 at the statewide level: 

 Onshore fishing  

was less likely  

inside of MPAs. 

  Tidepooling  

was more likely  

inside of MPAs. 

  Recreational boating  

was more likely  

inside of MPAs. 

Recommendations 

¶ Continued and expanded monitoring could reveal statewide temporal trends that may be occurring, but are 

not yet statistically detectable with only nine years of data. 

¶ MPA Watch can make improvements to its program without sacrificing the utility of past data through: 

¶ Consistent implementation of the surveyor ID system. 

¶ Updating protocols for recording potential violations. 

¶ MPA managers can improve their ability to use MPA Watch data through: 

¶ Coordination between law enforcement data collection and MPA Watch. 

¶ Identifying specific questions about human uses to guide future analyses. 

¶ There are many ways to improve and build upon the analysis presented here, including: 

¶ Investigating spatial patterns by leveraging data about covariates such as public access, and other 

site-specific attributes, and investigating seasonal within-year patterns in activities. 

¶ Developing models that examine the count of activities at a given site, in addition to this reportôs 

examination of presence/absence of activities.  
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Introduction 

This report presents an analysis of human activities along the California coast from 2012 through 2020. Data for 

the analysis were collected by surveyors in a community science1 monitoring network known as MPA Watch.  

Goal of analysis 

The primary goal of this project was to investigate human activities along the coast, looking for patterns, trends 

and shifts in consumptive and non-consumptive uses of marine ecosystems following implementation of MPAs. 

Of particular interest within this broad goal was: 

¶ Differences in activities between MPA and non-MPA sites; and 

¶ Patterns in activities that represent potential violations of MPA regulations. 

Why does this matter? 

Analysis of MPA Watch data contributes to a broader understanding of human impacts on marine ecosystems, 

and of the benefits that marine ecosystems provide to humans. Analysis of MPA Watch data can inform efforts 

toward goals 1, 2, and 4 of the Marine Life Protection Act (MLPA)2, which guided the development of Californiaôs 

network of MPAs, by shedding light on human activities that could impact marine ecosystems. Goal 3 of the MLPA 

also calls out the role of MPAs in improving recreational, educational, and study opportunities in ecosystems 

subject to minimal human disturbance. Analysis of human activities inside and outside of MPAs can help us to 

understand progress toward that goal, as well as large-scale patterns in human recreation throughout the coast. 

What is MPA Watch?3 

MPA Watch is a network of programs that collect observations of human activities inside and outside of MPAs  

in California. Data are gathered by MPA Watch surveyors (mostly volunteers and a small number of paid staff) 

who travel to a predefined location and record observations on a data sheet that is later digitized in an online 

database. Most MPA Watch observations occur as a surveyor walks along the coast (beach or bluffs), though 

some programs also collect observations from a single vantage point, or by boat. 

To date, 12 programs have been involved in the MPA Watch network. The observation protocol has been 

designed for consistency in data collection in which all programs use the same data sheet and manual,4 and for 

flexibility of implementation due to significant variation in human and environmental geography along the coast. 

  

 
1 There are multiple terms for research and monitoring that involves people who do not self-identify as professional scientists (and are often volunteers).  

The MPA Watch network uses the term ñcommunity science,ò and so we will use that term throughout this report, except when discussing the broader field of 

practice, for which we use the term ñcommunity and citizen science.ò See more in a separate DMR report: ñExamining the Role of Community and Citizen 

Science in Marine Protected Area Implementation.ò 
2 Marine Life Protection Act. 1999. Vol. Ch. 1015, Sec. 1. https://leginfo.legislature.ca.gov/faces/codes_displayText.xhtml?lawCode=FGC&division=3.&title= 

&part=&chapter=10.5.&article= 
3 See also the DMR report: ñMPA Watch: Community Science for Stewardship of Ocean Resourcesò 
4 Data sheet, manual, and other program resources available at https://mpawatch.org/resources. See also the report submitted by the MPA Watch network  

for the DMR: ñMPA Watch: Community Science for Stewardship of Ocean Resourcesò 

https://leginfo.legislature.ca.gov/faces/codes_displayText.xhtml?lawCode=FGC&division=3.&title=&part=&chapter=10.5.&article=
https://leginfo.legislature.ca.gov/faces/codes_displayText.xhtml?lawCode=FGC&division=3.&title=&part=&chapter=10.5.&article=
https://mpawatch.org/resources
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Box 1. MPA Watch at a glance 

Key terms and concepts 

¶ MPA Watch: The statewide network of monitoring programs that contribute data using aligned 

methods and protocols. 

¶ MPA Watch program or ñprogramò for short: A local chapter of MPA Watch, run by one or more local 

organizations. Each program monitors a distinct set of sites. 

¶ Site: An area targeted for data collection by MPA Watch (can be an MPA or a non-MPA reference site). 

¶ Non-MPA Site: An area targeted for data collection that is not within an MPA. Because there is not  

a standard state-wide approach for identifying such sites, we use the term ñnon-MPAò rather than 

ñcontrolò or ñreferenceò in this report.5 

¶ Transect: Area covered by a single survey, conducted by an MPA Watch volunteer. On land, a 

transect is usually designed to take an hour or less on foot. Many sites contain multiple transects.  

¶ MPA Watch surveyor or ñsurveyorò for short: A person who has received training from an MPA Watch 

program, and has approval to travel to collect and contribute data for the network. 

Key facts and figures (2012ï2020) 

¶ Number of chapters: 12 

¶ Number of survey sites: 104 (44 MPA sites, and 60 non-MPA sites) 

¶ Number of individual volunteers since 2012 (estimated): 19186 

¶ Surveys conducted 2012 through 2020: 31,702 

¶ Activities observed 2012 through 2020: > 1.2 million 

While there are multiple ways to monitor human activity along the coast (e.g., lifeguard beach counts, parking lot 

counts, phone surveys), MPA Watch has a significant advantage in providing monitoring that is detailed 

(surveyors identify specific activities, not just counts of people), repeated (surveys are collected at the same site 

at many points of time, over multiple years), and standard (surveys across the state follow the same format)7. 

The MPA Watch network grew rapidly between 2011 and 2015, both in its geographic coverage (Figure 1) and in 

the number of people participating as surveyors (Figure 2; see also Appendix A), which includes breakdowns by 

site and bioregion). Some growth in coverage continued through 2020, even while there was a slight drop-off in 

overall participation. MPA Watch surveyors collect data throughout the year, with slightly more activity in summer 

months (Figure 3). Surveyor activity dropped briefly in MarchïJune 2020, coincident with Californiaôs COVID-19 

shelter-in-place orders, but quickly returned to pre-2020 levels (Figure 3).  

 
5 For example, some non-MPA sites are chosen for similar habitat (e.g., rocky intertidal, kelp forest), while others may be chosen to examine potential  

ñedge effectsò on either side of an MPA. 
6 This underestimate is based on data from the MPA Watch database. Programs have different data entry practices: in some cases program staff enter data 

for their surveyors and in others, individuals enter their own data. This leads to undercounting. As detailed in the separate DMR submission from the 

MPA Watch network, more than 4,000 surveyors have participated since the start of the program. This number was generated after our own analysis was 

completed and cannot be broken down by year. 
7 We also note that MPA monitoring in California has included in-depth, multi-method investigations of consumptive uses, both commercial and recreational, 

including the long-term monitoring project focused on commercial fishing and commercial passenger fishing vessels (CPFVs). 
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Figure 1. Cumulative sites in the MPA Watch Network over time. Count is based on the ñfirst survey dateò of each 

site (i.e., data do not reflect possible later elimination of sites from the sampling regime). Note the sharp increase  

in non-MPA sites around 2013, when the Beach Watch program joined the network. Beach Watch began operating 

in 1993, before MPA implementation, and many of its sites do not happen to be located in MPAs. 

 

Figure 2. Number of surveys (Panel A) and estimated surveyors (Panel B) per year in the MPA Watch network. 

Undercounting of surveyors stems from cases of data entry by program staff, rather than surveyors.
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Figure 3. Surveys conducted by month across all MPA Watch sites. Boxplots show survey collection from  

2012ï2019; blue points show survey collection in 2020. Note weak seasonality in survey collection, with a slightly 

greater number of surveys collected in summer on average, and short-term decline in survey activity during the 

initial COVID shut-down. 

 

Figure 4. Counts of activities observed by MPA Watch surveyors from 2012 through 2020 in the seven categories 

of activity created for our analysis. Consumptive activities are onshore and offshore fishing; nonconsumptive 

activities include all remaining activity categories.  
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What does MPA Watch monitor? 

The data sheet used by MPA Watch surveyors includes 66 types of human activity. For this analysis, we have 

grouped many of those activities into seven broad categories. We used two categories of consumptive activity: 

onshore fishing, and offshore fishing. We used five categories of non-consumptive activity: onshore recreation; 

domestic animals; tidepooling; offshore recreation; and recreational boating.8 The vast majority of activities 

observed by MPA Watch are in the onshore recreation category, with a very small percentage associated 

with consumptive activity (Figure 4).  

Statistical Modeling of MPA Watch Data 

As with many community and citizen science programs, the data from MPA Watch are rich, but can be challenging 

to evaluate at a statewide level over the entire timeframe of data collection. This stems from the programôs gradual 

growth in spatial coverage over time from south to north, and the fact that sampling by surveyors is voluntary and 

can be sporadic, with some sites sampled more consistently than others. We used a method called ñOccupancy 

Modelingò to account for this uneven sampling in order to answer key questions about coastal use in a statistically 

robust way. Occupancy modeling addresses the ñyes-noò question of whether or not an activity occurred, either 

statewide or at a given site or in a given year. Therefore our results do not directly address the question of how 

many times an activity occurred in a given year. For more details on the occupancy model, see Appendix B. 

Can we detect patterns in human activities using MPA Watch data? 

Yes. A key insight from this first effort to statistically model MPA Watch data is that the dataset is a rich resource, 

with the potential to address important questions about consumptive and non-consumptive uses of coastal natural 

resources. Importantly, we can also analyze differences between activities occurring inside and outside of MPAs. 

Are activity patterns different inside of MPAs? 

Yes, for some activities (for example, see results for Onshore Fishing, Figure 5A). A key question for this 

project was whether there are statistically significant differences between human activities taking place inside of, 

and outside of, MPAs. As shown in Table 1, three of our activity categories ï Onshore Fishing; Tidepooling; and 

Recreational Boating ï showed a statistically significant MPA effect. This means that there was a higher (or lower) 

probability that at least one person was engaging in that activity in an average year inside an MPA as opposed to 

outside an MPA. The remaining categories did not show a significant link between MPA status and activity. 

Table 1. Modeled effect of MPAs on human activities. 

Category MPA Effect* 

Onshore Fishing Less likely inside MPAs 

Tidepooling More likely inside MPAs 

Recreational Boating9 More likely inside MPAs 

* No significant effect for Offshore Fishing, Onshore Recreation, Offshore Recreation, or Domestic Animals  

 
8 See appendix A to review the MPA Watch data sheet, and an account of which activities are lumped into the seven categories. Note that we did not include 

all activity types, because some contain extremely small numbers of observations, and cannot be lumped easily into larger categories. 
9 This category includes: Paddle Operated Boat; Kayak; Power boat; Sail boat; Jet ski; Dive boat; Whale Watching Boat. 
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Figure 5. The statistical models show significantly lower occurrence of onshore fishing in MPA sites versus 

non-MPA sites, and little variation from year to year (Panel A). The model shows a potential trend toward 

declining tidepooling in later years, though this pattern is not yet statistically significant (Panel B). (Note that the 

probability in Panel A ranges from 0.5 to 1, and from 0 to 1 in Panel B.) 

 

Figure 6. Occupancy model output showing site-level probability of tidepooling occurrence in the South Coast 

bioregion for MPA (filled circles) and non-MPA (outlined circles) sites. Lighter greens indicate lower probabilities 

of the activity occurring in an average year, and darker blues indicate higher probabilities. 

Do activity patterns change over time? 

Yes. There is some variation from year to year in the probability of activities occurring at the statewide level for 

2012ï2020, but no clear trends. Some activities show the possible beginnings of trends: for example, tidepooling 

seems to be gradually declining over the past nine years (Figure 5B). However, the existing time series is not 

long enough to disentangle trends from typical yearly variation.  
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Do different sites experience more or less human activity? 

Yes. In our analysis, activities vary across different sites based on unmodeled attributes beyond MPA or non-MPA  

status. Some activities, like onshore recreation, occur consistently across all sites. Other activities, such as 

tidepooling, are more likely to occur at some sites than others (Figure 6) The model does not tell us anything 

about the numbers of people at different sites, but just the probability of at least one person tidepooling in an 

average year at that site. The variation in site-level effects uncovered in this phase of analysis highlights a 

promising area for further work to understand how different specific site attributes beyond MPA status influence 

activity patterns. These attributes could include factors like parking, site amenities, and natural attributes of the 

site like coastline type (e.g. beach versus bluff). Future models can explicitly include and test for the impacts of 

these factors. 

Does population density explain human activity patterns across sites? 

Not in this analysis. Californiaôs coast encompasses a wide range of population densities, from dense 

metropolitan areas to less populated rural sites, and these differences in population may impact coastal activity. 

We tested the influence of nearby population density (from U.S. Census data, see Appendix B for more details) 

on activity occurrence at each site. However, model results showed that this measure of population density 

had no influence on the probability of an activity occurring; this means that all recorded activities were 

equally likely to occur in an average year along all of Californiaôs MPAs, regardless of population density 

differences. Future work could also test different measures of population density to assess effects on human 

activity occurrence, in addition to testing the influence of additional site-specific attributes. 

What are the patterns of ñpotential violationsò in MPA sites? 

In this project, we assessed patterns of potential violations of MPA regulations. MPA Watch surveyors do not 

directly report potential violations. Instead MPA Watch used lists of prohibited activities at each MPA site to 

retroactively identify observations that constitute a potential violation, based on those site-specific regulations. 

This method may overcount violations due to challenges in differentiating between permitted and prohibited 

activities that are visually similar (e.g., certain types of onshore fishing may be permitted, but they may resemble 

prohibited types of onshore fishing). Furthermore, the overcounting issue is likely uneven across sites: data for 

so-called ñno-takeò MPAs may be much more accurate than for those MPAs that allow various kinds of 

consumptive activities. 

At most sites, our model estimates a high probability of at least one potential violation occurring in an  

average year. 

It is important to remember that a high probability of occurrence does not mean that potential violations occur in 

large numbers; rather, it means that most sites have at least one potential violation in an average year. The 

actual number of violations at a given site may still be quite low. Activity frequency ï or the total number of 

potential violations in a given year, at a given site ï is not addressed by the occupancy modeling approach.  

To illustrate, drawing on raw data from MPA Watch: there are 2,925 surveys with at least one possible violation, 

amounting to around 13 percent of all surveys conducted in MPAs from 2012 through 2020. Though year-to-year 

variation was not statistically significant, the raw data suggest a decreasing trend (Figure 7). More years of data 

and a more consistent method of identifying potential violations would help to definitively answer whether there is 

a decrease. The model indicated that it is 96% likely that sites had at least one violation in an average year, 

though a few sites had significantly lower probabilities: Sea Lion Cove; Kashtayit; and Dana Point. 

We urge caution in interpreting model results for potential violations, but nevertheless report them here. We believe 

that, with some adjustments and coordination with CDFW, there is strong potential for MPA Watch to generate 

useful data about potential violations at a scale that complements the data gathered by law enforcement.  
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Figure 7. Panel A: Annual percentage of surveys conducted at MPA sites with at least one potential violation 

observed, from 2012 through 2020 (these are the data used in the model). Panel B: Number of potential 

violations per survey from 2012 through 2020. 

Challenges and Recommendations 

This project provides the first formal statistical analysis of MPA Watch data. We find that MPA Watch is generating  

a valuable dataset that can be used to robustly assess human activities along Californiaôs coast, both within  

and beyond MPAs. This analysis uncovered particular challenges in navigating the rich but complex nature of  

community science data, and suggests ways to build the contributions of MPA Watch to MPA and coastal 

management in California, through further analysis. 

Challenges 

Modeling limitations 

This round of modeling simplified MPA Watch data to focus on the presence or absence of activities at MPA and  

non-MPA sites, and to examine patterns at the annual, statewide scale. Richer insights might be found by 

addressing activity counts at finer spatial and temporal scales, instead of presence or absence, although this will 

come with its own statistical challenges.  

Relatively short time series 

Our analysis did not reveal robust time trends in human activities from 2012ï2020 at the statewide level. It is 

possible that some trends are underway, but that nine years is too short a timeframe for long-term change to be 

distinct from year-to-year variation. 

Analyzing potential violations 

As described above, the potential violations data used for this analysis have some flaws that could be addressed 

through a statewide protocol for direct observations (rather than retroactively processing the data, as was done 

for this analysis).  
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Recommendations 

For future analyses 

There is strong potential to gain more insights at finer spatial scales, and for specific activities of interest  

(as opposed to large groupings of diverse activities such as ñonshore recreationôô). We recommend that future 

modeling efforts experiment with:  

¶ Testing the impact of site-specific attributes on activities; 

¶ Modeling activity counts, rather than presence or absence; 

¶ Studying within-year patterns of use; and 

¶ Repeating analysis as the time series extends.  

For the MPA Watch network 

MPA Watch can make improvements to its program without sacrificing the utility of past data through: 

¶ Consistently applying the existing surveyor unique ID, to help account for differences between surveyors. 

¶ Updating protocols for recording potential violations, in collaboration with CDFW. 

We also note two other more significant potential changes, which likely would require more data analysis and 

strategic planning before moving forward: 

¶ We recommend that program managers and state partners develop a strategy and experimental design 

framework for designating future reference (non-MPA) sites.  

¶ Survey effort could be balanced more evenly across sites and times of year. This likely cannot be done on  

a statewide basis, given the realities of travel times and distinct local programs in the network. But individual 

programs could develop incentives and targets to address local imbalances. 

For MPA management 

Sustain and expand the MPA Watch network. With continued support by the State and other funders, the value 

of MPA Watch data will grow over time. Continued monitoring could reveal statewide temporal trends that may be 

occurring, but are not yet detectable with only nine years of data. This could be enhanced still further if MPA 

Watch received support to expand monitoring to more MPA sites. 

Leverage MPA Watch as part of a broader strategy for human dimensions research and monitoring. To help 

focus further analyses, MPA managers should identify specific questions (e.g., about specific activities, 

covariates, and/or focal areas) that fit into a broader human dimensions research agenda for MPAs, which has 

been called out as an important knowledge gap by the California Ocean Protection Councilôs Science Advisory 

Team.10 We note also the MPA Watch network represents significant statewide capacity that could be leveraged 

for other data collection activities focused on human dimensions (e.g., on-site surveys of MPA users). 

Align approaches to monitoring of potential violations. There is an opportunity to coordinate and develop  

shared expectations between MPA Watch and CDFW, and improve the role of MPA Watch data in enforcement 

and compliance.

 
10 Hall-Arber, M., Murray, S., Aylesworth, L., Carr, M., Field, J., Grorud-Colvert, K., Martone, R., Nickols, K., Saarman, E., Wertz, S. Scientific Guidance for 

Californiaôs MPA Decadal Reviews: A Report by the Ocean Protection Council Science Advisory Team Working Group and California Ocean Science Trust, 

June 2021. https://www.oceansciencetrust.org/wp-content/uploads/2021/06/Evaluating-California%E2%80%99s-Marine-Protected-Area-Network-2021.pdf 

https://www.oceansciencetrust.org/wp-content/uploads/2021/06/Evaluating-California%E2%80%99s-Marine-Protected-Area-Network-2021.pdf
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Appendix A: Further details on 
the MPA Watch dataset 

This appendix contains the following additional details regarding the MPA 

Watch network and its associated dataset: 

MPA Watch core data sheet 2 

This is the sheet used by volunteer surveyors in all programs throughout the state 

Guide to the seven categories of human activities 3 

The MPA Watch data sheet includes many different categories of activities, which we have 

grouped into broader activity categories in our summary figures and model results. Here 

we list which activities were grouped into larger categories for analysis. 

Adjusted counts of activities over time  6 

Counts of all activities from all categories, broken out by year and divided by the number of 

surveys per year (because sampling effort varied each year). 

Number of surveys at each site in each year 7 

This table shows a breakdown of how many surveys were conducted at each site in each 

year 

Breakdown of counts within activity categories  14 

These pie charts summarize which of the specific activity categories made up the larger 

categories shown in the main report, and their relative proportion within those larger 

categories. 

Data summaries by bioregion 17 

We show the growth of the program by bioregion, including the counts of surveys over time 

in different parts of the State.   

Occurrence probability for each site by bioregion  20 

We give model results showing predicted site occupancy for each bioregion and activity. 
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MPA Watch core data sheet 

 
  






































